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.SrTtae TT u ss Elttti uuics Pack aging" Anti M ethods Of MauufactUl e 



Technical Field of the Invention * 

present invention relates generally to electronics packaging. More 
the present invention relates to an electronic package that includes an 
10 integrated circuit package or an integrated circuit coupled to a substrate with a 
solderless compression connector, and to manufacturing methods related thereto. 



V-pajTiicularly, 




aokgfound of the Invention - 



■^i 15 Integrated circuits (ICs) are typically assembled into electronic packages by 

physically and electrically coupling them to a substrate made of organic or ceramic 
material. One or more IC packages can be physically and electrically coupled to a 
substrate such as a printed circuit board (PCB) or motherboard to form an 
"electronic assembly". The "electronic assembly" can be part of an "electronic 
^| 20 system". An "electronic system" is broadly defined herein as any product 
y comprising an "electronic assembly". Examples of electronic systems include 

computers (e.g., desktop, laptop, hand-held, server, etc.), wireless communications 
devices (e.g., cellular phones, cordless phones, pagers, etc.), computer-related 
peripherals (e.g., printers, scanners, monitors, etc.), entertainment devices (e.g., 
25 televisions, radios, stereos, tape and compact disc players, video cassette recorders, 
MP3 (Motion Picture Experts Group, Audio Layer 3) players, etc.), and the like. 

In the field of electronic systems there is an incessant competitive pressure 
among manufacturers to drive the performance of their equipment up while driving 
down production costs. This is particularly true regarding the packaging of ICs, 
30 where each new generation of packaging must provide increased performance while 
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generally being smaller or more compact in size. As market forces drive equipment 
manufacturers to produce electronic systems with increased performance and 
decreased size, IC packaging accordingly also needs to support these requirements. 
In addition, manufacturers of high-end IC packages, such as processors, are 
experiencing increasing demand for IC packages mounted in solderless or 
socketable packaging, because such packaging facilitates easy removal of the IC 
packages for testing, repair, replacement, and/or upgrading. 

An IC substrate may comprise a number of metal layers selectively patterned 
to provide metal interconnect lines (referred to herein as "traces"), and one or more 
electronic components mounted on one or more surfaces of the substrate. The 
electronic component or components are functionally connected to other elements of 
an electronic system through a hierarchy of electrically conductive paths that 
include the substrate traces. The substrate traces typically carry signals that are 
transmitted between the electronic components, such as ICs, of the system. Some 
ICs have a relatively large number of input/output (I/O) terminals (also called 
"lands"), as well as a large number of power and ground terminals or lands. 

Surface mount technology (SMT) is a widely known technique for coupling 
ICs to a substrate. One of the conventional methods for surface-mounting an IC on 
a substrate is called "controlled collapse chip connect" (C4). In fabricating a C4 
package, the electrically conductive terminals or lands of an IC component are 
soldered directly to corresponding lands on the surface of the substrate using 
reflowable solder bumps or balls. The C4 process is widely used because of its 
robustness and simplicity. However, it does not provide a solderless or socketable 
package. 

In addition to using SMT to couple an individual IC die to a substrate, 
whether at the IC package level or at a higher level such as a chip-on-board (COB) 
multi-chip module, it is also well known to use SMT to couple an IC package to a 
substrate such as a printed circuit board (PCB) or motherboard. Solder bumps, for 
example, can be employed between lands on the IC package and corresponding 
lands on the PCB. 
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As the internal circuitry of ICs, such as processors, operates at higher and 
higher clock frequencies, and as ICs operate at higher and higher power levels, the 
amount of loop inductance produced within IC packages and electronic assemblies 
can increase to unacceptable levels. 

For the reasons stated above, and for other reasons stated below which will 
become apparent to those skilled in the art upon reading and understanding the 
present specification, there is a significant need in the art for apparatus and methods 
for packaging an IC or an IC package on a substrate that provide a socketable 
connection, that minimize the thickness of the packaging, and that minimize loop 
inductance within the packaging. 

Brief Description of the Drawings 

FIG. 1 is a block diagram of an electronic system incorporating at least one 
solderless electronic assembly with a reduced thickness or stack height in 
accordance with one embodiment of the invention; 

FIG. 2 illustrates a top-view of a die on a substrate in a prior art integrated 
circuit (IC) package; 

FIG. 3 illustrates a cross-sectional representation of the electronic package 
of FIG. 2 taken along line 53 of FIG. 2; 

FIG. 4 illustrates a cross-sectional representation of a prior art electronic 
assembly comprising an IC package mounted on a printed circuit board (PCB); 

FIG. 5 illustrates a cross-sectional representation of a die aligned for 
mounting to electrically conducting elements (ECEs) of a connector overlying a 
substrate, in accordance with one embodiment of the invention; 

FIG. 6 illustrates a perspective view of a connector, in accordance with one 
embodiment of the invention; 

FIG. 7 illustrates an enlarged perspective view of an electrically conducting 
element of a connector, in accordance with one embodiment of the invention; 
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FIG. 8 illustrates a cross-sectional representation of an integrated circuit 
package, in accordance with one embodiment of the invention; 

FIG. 9 illustrates a perspective view of a connector, in accordance with an 
alternative embodiment of the invention; 

FIG. 10 illustrates a cross-sectional representation of the connector of FIG. 9 
taken along line 155 of FIG. 9; 

FIG. 1 1 illustrates a perspective view of a connector, in accordance with a 
second alternative embodiment of the invention; 

FIG. 12 illustrates a cross-sectional representation of the connector of FIG. 
11 taken along line 165 of FIG. 11; 

FIG. 13 illustrates an enlarged perspective view of an electrically conducting 
element of a connector, in accordance with a second alternative embodiment of the 
invention; 

FIG. 14 illustrates an enlarged perspective view of another embodiment of 
an electrically conducting element of a connector, in accordance with a second 
alternative embodiment of the invention; 

FIG. 1 5 illustrates a cross-sectional representation of an electronic assembly 
comprising a reduced-height IC package mounted on a substrate, in accordance with 
one embodiment of the invention; 

FIG. 1 6 illustrates a cross-sectional representation of an electronic assembly 
comprising an IC package mounted on a substrate using a reduced-height connector, 
in accordance with another embodiment of the invention; 

FIG. 17 illustrates a cross-sectional representation of an electronic assembly 
comprising a reduced-height IC package mounted on a substrate using a reduced- 
height connector, in accordance with another embodiment of the invention; 

FIG. 18 is a flow diagram illustrating a method of packaging an IC or of 
mounting an IC package on a substrate, in accordance with two alternative 
embodiments of the invention; and 
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FIG. 19 is a flow diagram illustrating two alternative methods of packaging 
an IC and two alternative methods of mounting an IC package on a substrate, in 
accordance with alternative embodiments of the invention. 



5 Detailed Description &£fifflbe dimonto of tire Inv e nti o n ■ 

C^flyJ* I n ^ e following detailed description of embodiments of the invention, 

rence is made to the accompanying drawings which form a part hereof, and in 
which is shown by way of illustration specific preferred embodiments in which the 

10 inventions may be practiced. These embodiments are described in sufficient detail 
to enable those skilled in the an to practice the invention, and it is to be understood 
that other embodiments ma/be utilized and that mechanical, chemical, electrical, 
and procedural changes nray be made without departing from the spirit and scope of 
the present invention. The following detailed description is, therefore, not to be 

15 taken in a limiting S9nse, and the scope of the present invention is defined only by 
the appended clair 

The present invention provides a solution to package socketability and 
thickness limitations and to loop induction problems that are associated with prior 
art packaging of integrated circuits that operate at high clock speeds and high power 

20 levels by eliminating any solder interconnect between an IC package and a PCB 
and/or between an IC and an IC package substrate. Various embodiments are 
illustrated and described herein. 

In one embodiment, an IC package is mounted to a substrate such as a PCB 
using a thin, flexible connector. The connector includes an electrically insulating 

25 support that contains a plurality of electrically conductive elements (ECEs). The 
ECEs couple corresponding lands on the IC package and on the substrate. The 
package structure comprising the IC package, connector, and substrate can be 
retained by a suitable mechanism, such as an integrated heat spreader in contact 
with the backside of the die, so that electrical contact is maintained between the 

30 lands on the IC package and those on the substrate. 
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By substituting the thin connector for a solder interconnect, such as solder 
bumps, the total "stack height" of the package structure, i.e. the height from the 
upper surface of the die to the lower surface of the substrate, is substantially lower. 
In addition, by mounting the IC package closer to the substrate, loop inductance is 
5 substantially lessened. Further, because the connector is held in place by 

compression, rather than being soldered, it is readily separated from the IC package, 
thus enabling a socketable IC package connection. This allows the IC package to be 
easily removed for test and/or repair, or for the IC package to be replaced with 
another IC package of equivalent or enhanced functionality. 
10 ^"T-FIG. 1 is a block diagram of an electronic system 1 incorporating at least one 
^ ^o^erless electronic assembly 4 with areduced thickness or stack height in 

accordance with one embodiment ofihe invention. Electronic system 1 is merely 
\Q one example of an electronic system in which the present invention can be used. In 

j^t this example, electronic systep 1 comprises a data processing system that includes 

]?} 1 5 a system bus 2 to couple th^various components of the system. System bus 2 
jy provides communication^links among the various components of the electronic 

^ system 1 and can be implemented as a single bus, as a combination of busses, or in 

any other suitable ryanner. 

Electronic assembly 4 is coupled to system bus 2. Electronic assembly 4 can 
jf 20 include any circuit or combination of circuits. In one embodiment, electronic 
■jy assembly 4 includes a processor 6 which can be of any type. As used herein, 

"processor" means any type of computational circuit such as, but not limited to, a 
microprocessor, a microcontroller, a complex instruction set computing (CISC) 
microprocessor, a reduced instruction set computing (RISC) microprocessor, a very 
25 long instruction word (VLIW) microprocessor, a graphics processor, a digital signal 
processor (DSP), or any other type of processor or processing circuit. 

Other types of circuits that can be included in electronic assembly 4 are a 
custom circuit, an application-specific integrated circuit (ASIC), or the like, such as, 
for example, one or more circuits (such as a communications circuit 7) for use in 
30 wireless devices like cellular telephones, pagers, portable computers, two-way 
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radios, and similar electronic systems. The IC can perform any other type of 
function. 

Electronic system 1 can also include an external memory 10, which in turn 
can include one or more memory elements suitable to the particular application, 
5 such as a main memory 12 in the form of random access memory (RAM), one or 
more hard drives 14, and/or one or more drives that handle removable media 16 
such as floppy diskettes, compact disks (CDs), digital video disk (DVD), and the 
like. 

Electronic system 1 can also include a display device 8, a speaker 9, and a 

10 keyboard and/or controller 20, which can include a mouse, trackball, game 

controller, voice-recognition device, or any other device that permits a system user 
to input information into and receive information from the electronic system 1 . 

FIG. 2 illustrates a top-view of a die 50 on a substrate 60 in a prior art 
electronic package. In FIG. 2, die 50 comprises a plurality of signal conductors (not 

15 shown) that terminate in lands 52 arranged in several rows near the periphery of the 
bottom surface of die 50. Die 50 also comprises a plurality of power and ground 
conductors (not shown) that terminate in lands 54 within the central core region of 
die 50. Lands 52 can be coupled to corresponding lands or signal nodes (not shown) 
on substrate 60 by appropriate connections such as solder bumps or solder balls (56, 

20 FIG. 3). Likewise, lands 54 can be coupled to corresponding lands (not shown) on 
substrate 60 by appropriate connections such as solder balls 56 (FIG. 3). 

In FIG. 2 we are looking through die 50 at lands 52 and 54 (shown in dashed 
lines) on the bottom surface of die 50. Lands 52 represent signal nodes, while lands 
54 represent power supply nodes. As used herein, the term power supply node 

25 refers to either a ground node (e.g. Vss) or to a power node at a potential different 
from ground (e.g. Vcc). 

FIG. 3 illustrates a cross-sectional representation of the electronic package 
of FIG. 2 taken along line 53 of FIG. 2. The prior art electronic package includes 
die 50 having a plurality of signal lands 52 and power supply lands 54 on its lower 

30 surface. The package also includes substrate 60, e.g. an IC package substrate, 
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having a plurality of signal and power supply lands 62 on its upper surface and a 
plurality of signal and power supply lands 64 on its lower surface. 

Die 50 is mounted upon substrate 60 through a plurality of solder balls or 
bumps 56. A solder ball 56 electrically and physically connects a land 52 or 54 of 
5 die 50 to its corresponding land 62 of substrate 60. An underfill 66 is typically used 
to surround solder balls 56 to provide mechanical stability and strength. 

As mentioned above, the "stack height" 58 is the distance between the upper 
surface of die 50 and the lower surface (including lands 64) of substrate 60. It is 
desirable to minimize the stack height 58 in order to provide an electronics package 
10 having minimum thickness and minimal loop inductance. 

FIG. 4 illustrates a cross-sectional representation of a prior art electronic 
assembly comprising an IC package mounted on a printed circuit board (PCB) 70. 
The IC package is identical to that illustrated in FIGS. 2 and 3. However, lands 52 
and 54 on die 50, along with lands 62 on substrate 60, have been omitted for the 



j*1 15 sake of clarity. 

if\ 

$ i Lands 64 of IC package substrate 60 are coupled to corresponding lands 72 
of PCB 70 through solder balls or bumps 67. PCB 70 can optionally have lands 74 

\ 

u& on its lower surface for attachment to an additional substrate or other packaging 

; ; structure. 

m 

p 20 Regarding the electronic assembly of FIG. 4, the "stack height" 68 is the 

12 distance between the upper surface of die 50 and the lower surface (including lands 

74) of PCB 70. Again, it is desirable to minimize the stack height 68 in order to 
provide an electronic assembly having minimum thickness and minimal loop 
inductance. It is also desirable to provide an alternative to soldering the die to the 
25 IC package substrate and/or to soldering the IC package substrate to the PCB, in 
order to provide socketable components, i.e. ones that can be easily removed and 
reinserted and/or replaced. 

As mentioned earlier, ttte present invention provides a solution to package 
sbcjcetability and thickness limitations and to loop induction problems that are 
30 associated with prior art packaging of integrated circuits that operate at high clock 
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speeds and high power levels by eliminating ±iy solder interconnect between an IC 
die and an IC package substrate and/or between an IC package and a PCB. In the 
ensuing description, the use of a solderless connector in an IC package will first be 
described, and then the use of a solderless connector in coupling an IC package to a 
substrate such as a PCB will be described/ Finally, an embodiment that employs 
solderless connectors at two different packaging levels, i.e. both within the IC 
package and in mounting the IC packag^ to a PCB, will be described. 

FIG. 5 illustrates a cross-sectional representation of a die 100 aligned for 
mounting to electrically conducting elements (ECEs) 124 of a connector (120, FIG. 
6) overlying a substrate 1 10, in accordance with one embodiment of the invention. 
Die 100 and substrate 110, including their cross-sectional structures as viewed in 
FIG. 5, are substantially identical to die 50 and substrate 60 and their respective 
cross-sections as illustrated in FIG. 3. Die 100 comprises a plurality of signal lands 
102 and power supply lands 103 on its lower surface. Substrate 110 comprises a 
plurality of signal lands 112 and power supply lands 1 13 on its upper surface, and it 
comprises a plurality of signal and power supply lands 1 14 on its lower surface. 
Substrate 110 can be a multi-layered substrate or a single-layered substrate. 

In the embodiment shown in FIG. 5, the connector comprises a thin, flexible, 
electrically insulating support 121. Support 121 is shown in cross-section in FIG. 5 
along line 125 of FIG. 6. Support 121 comprises a plurality of ECEs 124. A 
portion of ECEs 124 are aligned with corresponding signal lands 102 on die 100 and 
with signal lands 1 12 on substrate 1 10. Another portion of ECEs 124 are aligned 
with corresponding signal lands 103 on die 100 and with signal lands 1 13 on 
substrate 110. 

ECEs 124 can be formed of any suitable electrically conductive material. In 
the embodiment shown in FIG. 5, ECEs 124 comprise a compressible material such 
as a wire button contact or wire wad, discussed with reference to FIG. 7 below. In 
FIG. 5, ECEs 124 are uncompressed, because their upper ends are not touching 
lands 102 and 103. Thus the upper ends of ECEs 124 are illustrated as extending 
above the upper surface of support 121. 
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It will be understood that the structures illustrated in FIG. 5 are not drawn to 
scale. For purposes of illustration, support 121 and ECEs 124 are shown 
substantially thicker than they are in actuality, relative to the thickness of die 100. 

FIG. 6 illustrates a perspective view of a connector 120, in accordance with 
5 one embodiment of the invention. Connector 120 comprises a thin, flexible, 
electrically insulating support 121. Support 121 can be formed of any suitable 
insulating material such as, but not limited to, a plastic or polymer. Support 121 
comprises a plurality of apertures or holes 122 in a pattern that substantially 
matches that of lands 102/103 on die 100 (FIG. 5) and lands 112/113 on substrate 
10 110 (FIG. 5), in terms of pitch and placement. 

Each hole 122 of support 121 has an ECE 124. In the embodiment shown, 
ECEs 124 comprise compressible wire wads such as that illustrated in FIG. 7. ECEs 
124 in their uncompressed form extend outwardly from one or both surfaces of 
support 121. Support 121 retains ECEs 124 substantially immobile in holes 122 
15 with respect to an X axis 127 and a Y axis 129, but it allows the electrically 
conductive elements to move within holes 122 with respect to a Z axis 131. 



u i^ipwn under the trade name G(IN::APSE and commercially available from Cinch 
Connectors, Lombard, Illinois, U.S.A. Product information on the CIN::APSE 
20 interconnect technology i/currently obtainable from the Internet at 
http://www.cinch.com/OToducts . 



respects from connector 120. First, th<yCIN::APSE connection system incorporates 
a socket fixture on the order of several millimeters in thickness between the IC die 
25 and the substrate. By contrast, theypresent invention does not incorporate a socket 
fixture, so the thickness of support 121 of connector 120 can range from a few 
tenths of a millimeter down X<y.Q5 mm and possibly thinner. 

Secondly, the minimum compressed thickness of the wire wads employed in 
the CIN::APSE connection system is described in available product literature as .8 




!onnector 120 can be a rfiodified version of an electrical connection system 




ie known CIN::APSE connectioh system differs in several significant 
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mm. By contrast, the compressed thickness of the wire wads used in one 
embodiment of connector 120 is .10 mm. 

Thus, the thickness of the connector 120 achievable with one embodiment of 
the invention is approximately .10 mm. This thickness is approximately 1/1 00th the 
5 thickness of a typical socket in the CIN::APSE connection system. Moreover, it is 
approximately 20% thinner than the thickness of reflowed solder balls in a typical 
ball grid array (BGA) system, such as that illustrated in FIG. 3. 

FIG. 7 illustrates an enlarged perspective view of an electrically conducting 
element (ECE) 124 of a connector 120, in accordance with one embodiment of the 
10 invention. ECE 124 comprises a cylindrical or hourglass shaped wad of conductive, 
elastic metal wire. Any suitable metal, such as molybdenum or tungsten can be 
used. The metal can be plated with a suitable, highly conductive material such as 
gold. 

£5 FIG. 8 illustrates a cross-sectional representation of an integrated circuit (IC) 

15 package 105, in accordance with one embodiment of the invention. The IC package 
105 of FIG. 8 includes the same die 100, connector support 121, and substrate 110 
?2 j shown in FIG. 5. 



In FIG. 8, the lands 102/103 of die 100 are in contact with ECEs 124. A 
compression element in the form of an integrated heat spreader (IHS) 132 is located 

20 over the die 100. IHS 132 comprises a lid 130 and a wall or support member 133. 
IHS 132 can be mechanically supported by coupling its support member 133 to the 
upper surface of substrate 1 10 through a suitable attachment mechanism such as 
sealant 134. In one embodiment, the IHS support member 133 is located at the 
periphery of IHS 132. However, in other embodiments the lid 130 of IHS 132 can 

25 extend beyond the support member 133. 

IHS 132 also comprises a compression member 136 that is in contact with 
the upper surface of die 100, forcing the lands 102/103 of die 100 into secure 
physical and electrical contact with ECEs 124. ECEs 124 are accordingly 
compressed into the positions shown in FIG. 8. Compression member 136 can be 

30 any suitable mechanism for applying compression force, such as a metal spring, a 
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resilient material, wire wad, etc. Compression member 136 can also be a non- 
resilient substance that is sandwiched between lid 130 and die 100; in this case the 
height and compression effect of the IHS 132 can be appropriately adjusted via the 
thickness of attachment mechanism or sealant 134. 
5 The resulting stack height 128 of IC package 105 is significantly less than 

that of the prior art IC package illustrated in FIG. 3. Integrated circuit (IC) package 
105 can form part of electronic assembly 4 shown in FIG. 1. Die 100 can be of any 
type. In one embodiment, die 100 is a processor. 

FIG. 9 illustrates a perspective view of a connector 150, in accordance with 
10 an alternative embodiment of the invention. In this alternative embodiment of the 
invention, connector 150 is substituted for connector 120 (FIG. 6) in IC package 
105 (FIG. 8). 

Connector 150 comprises an electrically insulating support 151. Support 
SJ 151 can be formed of any suitable insulating material such as, but not limited to, a 

?S ■ 15 plastic or polymer. Support 151 comprises a plurality of holes 152 in a pattern that 
T I substantially matches that of lands 102/103 on die 100 (FIG. 8) and lands 112/113 

yrj on substrate 110 (FIG. 8), in terms of pitch and placement. 

j\ \ Each hole 152 of support 151 has an ECE 154. In the embodiment shown, 

M; j ECEs 154 comprise fine pins, spindles, or fibers formed of an electrically 

p I 20 conductive material such as copper. ECEs 154 could alternatively be formed of any 
:z ! other suitable conductive material such as aluminum, antimony, beryllium, bismuth, 

' cadmium, carbon, chromium, gold, iron, lead, magnesium, manganese, 

molybdenum, nickel, palladium, platinum, silicon, silver, tin, titanium, tungsten, 
zinc, or a combination of these materials. ECEs 154 could also be formed from a 
25 metal silicide, doped polysilicon, or plastic coated with a conductive material. In 
one embodiment, copper pins are plated with a suitable, highly conductive material 
such as gold. 

FIG. 10 illustrates a cross-sectional representation of the connector 150 of 
FIG. 9 taken along line 155 of FIG. 9. ECEs 154 extend outwardly from one or 
30 both surfaces of support 151. While ECEs 154 are shown, for purposes of 
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illustration, as extending considerably outwardly, in practice they extend only very 
slightly beyond the surfaces of support 151. They should extend sufficiently to 
make proper electrical contact with their respective lands, but they should not 
extend so far that adjacent ECEs 154 come into contact or that ECEs 154 do not 
5 contact the correct land(s) on the IC or substrate. 

The particular geometry of the embedded ECEs 154 is very flexible in terms 
of their orientation, size, number, and location. For example, the ends of ECEs 154 
could be tapered or pointed. ECEs 154 need not be perfectly cylindrical pins, but 
rather they can be of any suitable geometry that extends through support 151. For 
10 example, ECEs 154 could have cross-sections of any geometric shape, such as 

planes, triangles, squares, rectangles, pentagons, hexagons, and so forth. In addition 
to the regular geometric objects just mentioned, ECEs 154 could be irregular 
geometric objects of any cross-section, including of varying cross-section along the 
length of any given ECE 154 and within a group of ECEs 154. In addition, different 
m 1 5 types of ECEs 1 54 can be used in one connector 1 50. 

FIG. 1 1 illustrates a perspective view of a connector 160, in accordance with 
yj a second alternative embodiment of the invention. In the second alternative 

I embodiment of the invention, connector 160 is substituted for connector 120 (FIG. 

H : 6) in IC package 105 (FIG. 8). 

Ul j 

p 20 Connector 160 comprises a microcrystalhne film or an anisotropic 

conducting film (ACF). ACFs are well known to those of ordinary skill in the art 
and are commercially available. A suitable ACF can comprise, for example, ECEs 
164 in the form of conductive particles dispersed in an electrically insulating binder 
or support 161 such as an epoxy-based resin. The resin can be, for example, a 
25 curable resin (e.g. through heat, pressure, ultraviolet light, or a combination 

thereof), but other thin, flexible films, carriers, or sheets whose dielectric constant is 
fairly small could also be used. If a curable resin is used, it is used in an uncured or 
partially cured form, in order to allow die 100 (FIG. 5) to be readily removed from 
connector 160 (FIG. 1 1) for any reason, such as to test, repair, replace, or upgrade 
30 die 100. 
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ECEs 164 can be of any suitable shape, size, number, location, orientation, 
and composition. In one embodiment, ECEs 164 are tiny crystals of a crystalline 
substance, such as a salt. In another embodiment, ECEs 164 are particles of 
irregular shape, such as pieces of silicon, glass, quartz, diamond, and so forth. In 
yet another embodiment, ECEs 164 are particles of conducting metal or metal alloy 
from the group consisting of aluminum, antimony, beryllium, bismuth, cadmium, 
carbon, chromium, copper, gold, iron, lead, magnesium, manganese, molybdenum, 
nickel, palladium, platinum, silicon, silver, tin, titanium, tungsten, and zinc. ECEs 
164 could also be formed from a metal silicide or doped polysilicon. In another 
embodiment, ECEs 164 comprise small, compressible spheres formed, for example, 
of a polymer or other plastic. 

Irrespective of what ECEs 164 are formed of, ECEs 164 can comprise a 
coating of gold, silver, or other substance for improved electrical conductivity and 
oxidation resistance. The coating can be applied by any appropriate technique, such 
as sputtering or electroless plating. 

ECEs 164 can comprise regular geometric objects, such as spheres, ovaloids, 
cubes, parallelepipeds, cylinders, hourglasses, back-to-back cones, and the like. 
ECEs 164 can also comprise irregular geometric objects, such as blobs, lumps, 
broken or crushed particles, and other irregular forms. 

ECEs 164 are in a pattern that substantially matches that of lands 102/103 on 
die 100 (FIG. 8) and lands 1 12/1 13 on substrate 1 10 (FIG. 8), in terms of pitch and 
placement. 

FIG. 12 illustrates a cross-sectional representation of the connector 160 of 
FIG. 1 1 taken along line 165 of FIG. 11. ECEs 164 of irregular geometry are held 
within support 161. ECEs 164 project slightly from both surfaces of support 161. 
In one embodiment, the outward projections of ECEs 164 have relatively sharp tips 
to enable ECEs 164 to slightly penetrate lands 102/103 on die 100 (FIG. 8) and 
lands 1 12/1 13 on substrate 110 (FIG. 8) when the stack is compressed together by 
IHS 132 (FIG. 8). 
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FIG. 13 illustrates an enlarged perspective view of an electrically conducting 
element 164 of a connector 160, in accordance with a second alternative 
embodiment of the invention. ECE 164 is an asymmetrical fragment of conductive 
material, such as carbon, or of a non-conductive material, such as glass, silicon, etc., 
5 that is coated with an electrically conductive material, such as gold or silver. ECE 
164 is an example of an irregular geometric object. ECE 164 can be used in the 
embodiment of the connector 1 60 shown in FIG. 1 1 . 

FIG. 14 illustrates an enlarged perspective view of another embodiment of 
an electrically conducting element (ECE) 170 of a connector 160, in accordance 
10 with a second alternative embodiment of the invention. ECE 170 is a crystal. The 
crystal illustrated is an example of a regular geometric object. ECE 170 can be 
substituted for ECE 164 in the embodiment of the connector 160 shown in FIG. 11. 

FIG. 15 illustrates a cross-sectional representation of an electronic assembly 
200 comprising a reduced-height IC package mounted on a substrate 140, in 
15 accordance with one embodiment of the invention. The IC package of FIG. 15 
3^ includes the same die 100, connector support 121, substrate 110, and IHS 132 as are 

illustrated for the IC package of FIG. 8. 

To form an electronic assembly 200, the IC package is mounted on substrate 
or PCB 140 by coupling the lands 1 14 on the bottom surface of IC package 
20 substrate 110 with corresponding lands 144 on the upper surface of substrate 140 
via a suitable conductive material such as solder balls or bumps 142. 
t^/ ^p~""7*Substrate 140 can be of any type, such as a printed circuit board (PCB) or 
la motherboard, or any other type of packaging element. Substrate 140 can be 
a multi-layered substrate or a single/layered substrate. The present invention is not 
25 to be construed as limited to any particular type of substrate 140 or to any particular 
method of coupling IC package /05 (FIG. 8) to substrate 140. Substrate 140 can 
optionally have lands 146 on its lower surface for attachment to an additional 
substrate or other packaging {Structure. 

As noted earlier regarding FIG. 8, the stack height 128 of the IC package is 
30 significantly less than that of the prior art IC package illustrated in FIG. 3. This 
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reduces the overall stack height 168 of the electronic assembly 200, as measured 
from the top of the die to the bottom of the PCB 140 (including lands 146), relative 
to the prior art electronic assembly illustrated in FIG. 4. 

FIG. 16 illustrates a cross-sectional representation of an electronic assembly 
5 300 comprising an IC package mounted on a substrate 340 using a reduced-height 
connector, in accordance with another embodiment of the invention. The basic 
structure of the IC package of FIG. 16 can be like that of a typical prior art IC 
package, as illustrated for example in FIG. 3, in that it comprises a die 301 having 
lands 302 coupled via solder bumps 304 to corresponding lands 306 on an IC 

1 0 package substrate 310. 

The IC package is coupled to a substrate 340, such as a PCB or motherboard, 
using a solderless connector that comprises a support 320 and a plurality of ECEs 
324. Each ECE 324 couples a land 312 on the lower surface of IC package 
substrate 310 with a corresponding land 344 on the upper surface of substrate 340. 

15 Substrate 340 can optionally have lands 346 on its lower surface for attachment to 
an additional substrate or other packaging structure. 

In order to maintain the ECEs 324 in contact with their respective pairs of 
lands 312/344, a compression element in the form of an integrated heat spreader 
(IHS) 332 is located over the IC package. EHS 332 comprises a lid 330 and a wall 

20 or support member 333. IHS 332 can be mechanically supported by coupling its 
support member 333 to the upper surface of substrate 340 through a suitable 
attachment mechanism, such as sealant 334. In one embodiment, the IHS support 
member 333 is located at the periphery of IHS 332. However, in other 
embodiments the lid 330 of IHS 332 can extend beyond the support member 333. 

25 IHS 332 also comprises a compression member 336 that is in contact with 

the upper surface of die 301, forcing the lands 312 of die 301 into secure physical 
and electrical contact with ECEs 324. ECEs 324 are accordingly compressed into 
the positions shown in FIG. 16. Compression member 336 can be any suitable 
mechanism for applying compression force, such as a metal spring, a resilient 

30 material, wire wad, etc. Compression member 336 can also be a non-resilient 
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substance that is sandwiched between lid 330 and die 301; in this case the height 
and compression effect of IHS 332 can be appropriately adjusted via the thickness 
of attachment mechanism or sealant 334. 

The resulting stack height 368 of electronic assembly 300 is significantly 
5 less than that of the prior art electronic assembly illustrated in FIG. 4. For example, 
if a support 320 having a thickness of .1 mm is used in the embodiment shown in 
FIG. 16, the resulting overall stack height is approximately 20% less than the stack 
height of the prior art electronic assembly illustrated in FIG. 4, assuming the 
thicknesses of the die, the IC package substrate, and the PCB are held constant. 

10 FIG. 17 illustrates a cross-sectional representation of an electronic assembly 

400 comprising a reduced-height IC package mounted on a substrate 440 using a 
reduced-height connector, in accordance with another embodiment of the invention. 
Electronic assembly 400 is similar to electronic assembly 300 (FIG. 16). However, 
in electronic assembly 400 a reduced-height connector has been employed within 

15 the IC package (i.e., between die 401 and IC package substrate 410) as well as for 
mounting the IC package upon substrate 440. 

The basic structure of the IC package of FIG. 17 can be like that of IC 
package 105 illustrated in FIG. 8, in that it comprises a die 401 having lands 402 
coupled via ECEs 414 mounted within a solderless support 404 to corresponding 

20 lands 406 on an IC package substrate 410. 

This IC package is coupled to a substrate 440, such as a PCB or 
motherboard, using a solderless connector that comprises a support 420 and a 
plurality of ECEs 424. Each ECE 424 couples a land 412 on the lower surface of IC 
package substrate 410 with a corresponding land 444 on the upper surface of 

25 substrate 440. Substrate 440 can optionally have lands 446 on its lower surface for 
attachment to an additional substrate or other packaging structure. 

In order to maintain the ECEs 414 in contact with their respective pairs of 
lands 402/406, a compression element in the form of an integrated heat spreader 
(IHS) 432 is located over the IC package. IHS 432 comprises a lid 430, an inner 

30 wall or support member 438, and an outer wall or support member 433. 
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During assembly of the IC package, IHS support member 438 is 
mechanically coupled via a suitable mechanism, such as sealant 439, to the upper 
surface of IC package substrate 410. IHS 430 also comprises a compression 
member 436 that is in contact with the upper surface of die 401 to force lands 
5 402/406 against ECEs 414 of support 404 and to maintain proper physical and 
electrical contact. 

Subsequently, during mounting of the IC package on substrate 440, IHS 
support member 433 is mechanically coupled via a suitable mechanism, such as 
sealant 434, to the upper surface of substrate 440. Compression member 436 forces 
10 lands 412 of IC package substrate 410 and lands 444 of substrate 440 into secure 
physical and electrical contact with ECEs 424. ECEs 424 are accordingly 
i compressed into the positions shown in FIG. 17. 

! Compression member 436 can be any suitable mechanism for applying 

! compression force, such as a metal spring, a resilient material, wire wad, etc. 

15 Compression member 436 can also be a non-resilient substance that is sandwiched 
i between lid 430 and die 401 ; in this case the height and compression effect of IHS 

| 432 can be appropriately adjusted via the thicknesses of attachment mechanisms or 

sealants 434 and 439. 

i 

In one embodiment, IHS support member 438 is located at the periphery of 
j 20 IC package substrate 410, and IHS support member 433 is located at the periphery 
of EHS 432. However, in other embodiments, support member 438 can be located 
closer to die 401, and the lid 430 of IHS 432 can extend outwardly beyond the 
support member 433. 

Also, in other embodiments, a different support and/or attachment 
25 mechanism can be substituted for support member 438 and/or support member 433, 
and their respective sealants 439 and 434, in order to maintain die 401, IC package 
substrate 410, and substrate 440 in proper alignment and in secure physical and 
electrical contact. In these other embodiments, either or both support members 438 
and 433 could be eliminated, depending upon the type of structure that is used to 
30 align and secure die 401, IC package substrate 410, and substrate 440. 
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The resulting stack height 468 of electronic assembly 400 is significantly 
less than that of the prior art electronic assembly illustrated in FIG. 4. As 
mentioned earlier, it will be understood that the structures illustrated in FIG. 17 are 
not drawn to scale. For purposes of illustration, the solderless compression 
5 connectors are shown substantially thicker than they are in actuality, relative to the 
thickness of die 401 and IC package substrate 410. 

Several methods for fabricating an IC package in accordance with at least 
one embodiment discussed above will now be described. 

FIG. 18 is a flow diagram illustrating a method of packaging an IC or of 
10 mounting an IC package on a substrate, in accordance with two alternative 
embodiments of the invention. The method starts at 220. 

In 222, a connector is provided having a plurality of electrically conductive 
elements (ECEs) in a thin, flexible, electrically insulating support. Merely by way 
Si of example, the ECEs can be wire wads (124, FIG. 7), pins (154, FIG. 9), or crystals 

m \ 15 (170, FIG. 14). The electrically insulating support can be, for example, a plastic 
J: j sheet (support 121, FIG. 6) or a resin film (support 161, FIG. 1 1). 

fi i In 224, the lands on an IC (die 100, FIG. 8) are coupled to corresponding 

\ j lands on a substrate (110, FIG. 8) with the ECEs. Alternatively, the lands on an IC 

^_ I substrate (310, FIG. 16) are coupled to corresponding lands on a substrate such as a 

□ ! 20 PCB (340, FIG. 16). 

In 226, the IC or IC package, the support, and the substrate are compressed 
and secured in a package, for example, using an integrated heat spreader (132, FIG. 
8; or 332, FIG. 16) that includes a compression element (136, FIG. 8; or 336, FIG. 
16). The method ends at 228. 
25 FIG. 19 is a flow diagram illustrating two alternative methods of packaging 

an IC and two alternative methods of mounting an IC package on a substrate, in 
accordance with alternative embodiments of the invention. The methods begin at 
240. One method of packaging an IC or of mounting an IC package on a substrate 
comprises operations 242, 244, and 250. An alternative method of packaging an IC 
30 or of mounting an IC package on a substrate comprises operations 246, 248, and 
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250. The methods differ in the order in which an IC or IC package, a connector, and 

a substrate are coupled. 

In 242, a thin, flexible, electrically insulating support (121, FIG. 8; or 320, 

FIG. 16) is positioned on a substrate (110, FIG. 8; 340, FIG. 16), so that a plurality 
5 of electrically conductive elements (ECEs 124, FIG. 8; or ECEs 324, FIG. 16) on 

the support are aligned with respect to a corresponding plurality of lands (112/113, 

FIG. 8 or 344, FIG. 16) on the substrate. 

In 244, an IC (die 100, FIG. 8) is positioned on the support, so that a 

plurality of lands (102/103, FIG. 8) on the IC are aligned with respect to a 
10 corresponding plurality of ECEs (124, FIG. 8) on the support. Alternatively, an IC 

package (e.g. the IC package that includes die 301 and IC package substrate 310, 

FIG. 16) is positioned on the support, so that a plurality of lands (312, FIG. 16) on 

the IC package are aligned with respect to a corresponding plurality of ECEs (324, 

FIG. 16) on the support. 
1 5 In 246 (alternative method), a thin, flexible, electrically insulating support 

(121, FIG. 8) is positioned on an IC (die 100, FIG. 8), so that a plurality of ECEs 

(124, FIG. 8) on the support are aligned with respect to a corresponding plurality of 

lands (102/103, FIG. 8) on the IC. Alternatively, the support is positioned on an IC 

package (e.g. the IC package that includes die 301 and IC package substrate 310, 
20 FIG. 16), so that a plurality of ECEs (324, FIG. 16) on the support are aligned with 

respect to a corresponding plurality of lands (312, FIG. 16) on the IC package. 

In 248 (alternative method), the support is positioned on a substrate (110, 

FIG. 8; or 340, FIG. 16), so that a plurality of lands (112/113, FIG. 8; or 344, FIG. 

16) on the substrate are aligned with respect to a corresponding plurality of ECEs 
25 (124, FIG. 8; or 324, FIG. 16) on the support. 

In 250 (both methods), the IC or IC package, the support, and the substrate 

are compressed together to maintain electrical contact between the lands on the IC 

or the IC package and the lands on the substrate. The methods end at 252. 

The operations described above with respect to the methods illustrated in 
30 FIGS. 18 and 19 can be performed in a different order from those described herein. 
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The present invention provides for a spcketable electronic package, in 
Hve^al different embodiments, and for methods of manufacture thereof, that 
minimize the thickness of the package ancMhat minimize loop inductance within the 
package. An electronic system and/or data processing system that incorporates one 
or more electronic assemblies that utili/e the present invention can be produced in 
configurations having socketable IC'sr and/or IC packages, with reduced physical 
10 dimensions, and with enhanced electronic performance, and such systems are 
therefore more commercially attractive. 

&^Jn"/*^ s shown herein, the present invention can be implemented in a number of 
^^Sa^rent embodiments, including an electronic package, an electronic assembly, an 
electronic system, a data proce/sing system, methods for packaging an IC, and 
15 methods for mounting an IC package on a substrate. Other embodiments will be 
readily apparent to those of ordinary skill in the art. The elements, materials, 
geometries, dimensions, and sequence of operations can all be varied to suit 
particular packaging requirements. 
j>^^\^/^ or sample, while an embodiment of an IC is shown in which signal traces 
20^al^provided around the periphery an/in which power supply traces are provided at 
the die core, the invention is equally applicable to embodiments where signal traces 
and power supply traces are provided anywhere on the die. 

her, the present invention is not to be construed as limited to use in land 
ay (LGA) packages, and it can be used with any other type of IC package 
where the herein-described features <p the present invention provide an advantage. 

Various embodiments of compression connectors 120/150/160 can be 
implemented. The structure, including types of materials used, dimensions, layout, 
electrical properties, and so forth, of connectors 120/150/160 can be built in a wide 
variety of embodiments, depending upon the requirements of the IC package and/or 
30 electronic assembly of which the connector(s) forms a part. 
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ile a ball grid array (BGA) arrangement 56 is illustrated in/iu. jojor 
IC package 105 (FIG. 8) tosijbstratrT?0 (FIG. 15), the present/invention 
is not limited to use with^a-BGA arrangement, and it can be used with any other type 
of packagipgi^chnology, e.g. land grid array (LGA), chip scale package (CSP), or 
like. 

The above-described choice of materials, geometry, and assembly operations 
can all be varied by one of ordinary skill in the art to optimize the performance of 
the electronic package. 

Any suitable method, or combination of different methods, for optionally 
10 depositing metal coatings on the ECEs can be used, such as sputtering, vapor, 
electrical, chemical including chemical vapor deposition (CVD), vacuum, and so 
forth. 

The particular implementation of the invention is very flexible in terms of 
ientation, size, number, and composition of its constituent elements. Various 
embodiments of the invention qan be implemented using various combinations of 
thin film and ACF technology/ particle and wire wad technology, substrate 
technology, and IHS technology to achieve the advantages of the present invention. 
GS. 1 through 17 are merel^ representational and are not drawn to scale. 

be exaggerated, while others may be minimized. 
20 FIGS. 1 and 5-19 are iijtdided to illustrate various implementations of the invention 
that can be undecst6od and appropriately carried out by those of ordinary skill in the 




C^) pejlajn proportions thereof i 



^^ / ^j^?Uthough specific embodiments have been illustrated and described herein, it 
/ wfrl'be appreciated by those of ordinary skill in the art that any arrangement that is 



nary skill in the art that any arrangement that is 
25 calculated to achieve the same purpose may be substituted for the specific 
embodiment shown. This application is intended to cover any adaptations or 
variations of the present invention. Therefore, it is manifestly intended that this 
invention be limited only by the claims and the equivalents thereof. 
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